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NATIONAL ADVISORY COMUITTEE FOR AERONAUTICS
MEMORANDUM REPORT

for the

Air Materiel Command, U.S. Army Air Forces

ELTMINATION OF RUMBLE FROLI THE COQLING DUCTS OF A
SINGLE~ENGINE PURSUIT _AIBPLANE

By Howard F. Matthews

SUIMMARY

A full-size single-engine pursuit airplane, with wing
tips cut off, was tecsted in the 16-foot wind tunnel of the
Ames seronautical Laboratory at loffett Field, Calif. The
purpose was to find means for eliminating an cxtreme rumbdle
which occurred at high speeds when The radiator air-duct-
exit openings were small.

The most effective remedy found was placing the catrance
to the duct well out of the boundary layer of the wing so
that the velocity distribution would be favorable toward
removal of separation and buffeting in the duct. Incrcasing
the depth of the gutter and reducing the inlct area moy also
have contributed to correction of the defect.

INTRODUCTION

Pilots of the airplane had reportecd that a heavy
vibration or a rumble occurrcd at high speed, apparently in
the radiator air ducts. The severity of the rumblec was said
to be incrcased, mainly, by closing the flap at the cxit of
the coolant-radiator duct and, to & lcsser extent, by closing
the flap of the oil-radiator duct. In addition, it appecarcd
that the rumble was more scevere at angles of attack less than
required for high-speed level flight.

Preliminery work done in flizht by the manufacturer
indicated that the rumble was not caused, primsrily, oy
vibretion of the duct structure itself. The noise was so
scvere, however, that some rcmedy was necessary. Therefore,



at the recuest of the Army air Forces, linteriel Command, an
invost1 gation of the problem was un@erte n in the 1m~foot
wind tuanL of the Ames AbrondLulCPl Laboratory, for it was
reasized that considerable time could be saved b utilizing a
wind tunnel, rather than freb flight, in the test progren,

WIND TUNNEL AND TE:

U)

AIRPLANE

The 16-foot wind tunnel of the Ames feroncutical Labora-
tory has a closed tcst section, a single clcsed return
passage, and is of circular cross scction throughout.

The airnlane furnished for the wind-tunnel tests differed
from the production model in that the wing wss placed 3 inches
higher. This veriation resulted in the carburector scoop
being below the bottom of the wing, but the efrect on the
cooling air-duct performance was thought to pe negligible.

In order te mount the aix
wing tips were cut off and fittings ue
spars for attochment to the trunnion
the empenncge and propeller were re nov
stalled to fair the nosc of the fusc
fitted over the tail end.
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lates. In addition,
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spiancr was in-
, and a fairing was

TEST Mﬂ'”OD

For tests at spceds up to 260 milecs per hour, the air—
plane was supported only on the trunnion o¢ates (flg. 1)

The angle of attack was varied by roteting the trunnion
platcs, and the forces on the airplane were mecasured by the
solf-balun01nz, recording deam scales of the rcgulszr balance
Syst@u..

For the high-spccd tests, t
tional supoort by a tail strut (
fastened to the top of the tunne
were not made Tor this type of m

he airplanc was given addi-
i 2) which was sceurcly
11 Forcc measurements

A pilot, or occupant, of the
since the rumble could be dlstlngu
cockpit. Communication was maintaincd wi
carphones and throatg microphoneu.

il”p.‘:.@.uc was CSCthial)
sL.od OﬂlV irOm insidc - the
ith the pilot through
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The program for tests was complectcly flexible and de-
pended largely upon what wes learned as the investigation
proceeded. In general, for each chonge in form or arrange-
ment of the duct, the exlt openings were varied through
electrical control of the flaps by the pilot, who also
observed the rumble. The flap openings employed, as
meesured at the center, and the corresponding areas at the
exits were as follows:

" Coolent-radictor duct OiI-radiator duct |
" Flep opening | area Tlep opening| Area
: (in.) (sc £t) | (in.) (sa T%):
t { - jo s - i
' L i
‘ 1.3 0.1k 0.6 0.0k |
‘ 5.9 .80 3.1 .22

s 10.3 .43 L g0 .58

| 14.5 2.13 — ——

. I

The smallest openings given cbove werc for the flaps against
the stops and provided the mininum arca available. The open—
ings of 5.9 inches &and 3.1 inchcs for the coolant-redictcor
duct and oil-radiator duct, resncctively, were for Tlaps
flush with the outer surface of the duct. The largest open-—
ings were the maximum avellablec.

The choice of modifications investigated was influenced
grcatly by the comments of the »Dilot regarding the rumble
and by visual obscrvation of the alr flow about the duct
through the aid of wool tufts. Photographs of the tufts
were made to obtain records of the eir flow in typical cases.
If the modification under test indicated a decrease of the
rumblce, pressure data for computing the flow through the
ducts werc recorded and drag tests ot three angles of attack
were made.

The deta were corrected, apnroximately, for the rather
large constriction effects on the dynomic pressure, veloclity,
density, and Mach number, but not for the tunnel-wall effects
on the angle of attack.



The dynenric pressure of the air flowing through the duct

was measurcd by pitot tubcs placed at the cntrance for the.
two successful designs, and by a number of total-pressure
tubes and static-pressure orifices aft of the rsdiators in
the case of the orizinal duct. The accurncy of the dynamic—
pressure measurcaents for the orlblnal duct 1is questicneble,
as the data are for a low-speed section. The temperature
was measurcd at the large end of the vind-tunnel entrance
cone and was computed for roints in the duct by assuming
adisbatic expansion. From these mea .surcments, the dencity,
velocity, and mass flow of air in The ducts wcre compuscd,

For computing the dreg coefficient Cp, the total
airplane wing arce of 23%3.1S scuare fecct was used.

RESULTS »AlD DIzCUS3ICH

Rurble.— Before the investigation of the problem cculd

ve initiated, tLe rumble had to be obtoined in the wing tun-
ncl, By trial, 17 was found to bhe vory severe ot the ico-
metrical unglc of ottnck corres onding to an angle of inclilna—
tion for the fusclage rcforcnco ling of —-2%, (Tiae angle of
thio fusclasc reference line with resnect to the wind dircceuvion
is hereafter designated as angle of attsck a.)

The preoliminary tvests, with o pillot in the cockpit and
2 passenger in the aft portion of thc fusclege, discloscd
thet the mein contribution to tne rumble wos the vibration
0T the coolant radiator, evidently couccd by pulsations in
the flow through the duct.

Since the runble did not occur wnen the coolant—-duct-—
exX1lt opening wes large, the first modificotion wes to pro-
vide an increase in the minimum value OL the entrance
vcloclity relative to the free—-strean velocity. A bypess
arrangenent, shown in figurc 3, was designed to uobiovo

this purpose. The rcsults were encouracing in thet, with
the bypass louvers at the mnost effective opcning, thc ve—-
locity ot which the rumble began was raised arpro ately

150 miles per hour.

indicated that the
gtnllcd condition

duct at the ton of
of the entronce was

bottom of the wing near the duct wes in
and that the flow along the inside ol t©
the entrance was rcversed. The upver 1

A study of the tufts (figs. 4 and 5
h
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extended 13-3/4 inches ahead of its original position and

was faired into the original lower lin. The leading edge of
the extension was made straight at the top and wes vplaced
about five-eighths of an inch cway from the wing-bolt fairing
at the center line of the airplene. The extension was Taired
into the lines of the original duct. The lip extension and
the resulting improvement in the flow sre shown in figure 6.
With the bypass open, the duct, thus modified, had only a

-

slight rumble at 429 miles per hour.

The next modification of ducti tried wes one conforming
to loft lines designed by the manufeaciurer to provide a higher
entrance velocity and to reduce the separation at the top
portion leading to the coolant radiacor. This was accom—
plished by extending the partition between the coolant- and
oill-radistor ducts to the entrince, and redesigning the
coolant-duct diffuser. A flap was incorporated by the Ames
Aeronautical Laboratory to provide a bypass from forwsrd of
the coolant radiator to a2ft of the oil radiator. This
revision, shown by figure 7, is celled the “"divided duct."
It proved to have a lster and lese intence rumble then
the original, but wes inferior to the original ss modified
by an extended upper lip at the entrrnce. As before, the
bypass removed the rumble to a degree (up to 337 miles per
hour) but did not eliminate it 2% the higher speeds.

Another 1lip extension was made (fig. &) and attached to
the divided duct. This extension was similar to that used
on the original duct, with the exception that it was carried
only 10-7/8 inches forward and the leading edge was placed
1 inch away from the wing-bolt faoiring. This modification
reduced the rumble to a point where 1t wes not discernible
from the general vibration of the sirplane at 500 miles per
hour, the highest speed attained in the tests.

An alternate change was made in the divided duct to de-
termine if placing the entrance farther from the lower surfeace
of the wing or extending the upper lio forward was the more
important factor in removing the rumble. The top of the en—
trance, without 1lip extension, was lowcred about 1 inch
farther from the wing surfece, cind this drop was carried
along the top inner surface of the coolant duct to within a
few inches of the radiator. From this point, it was faired
into the previous lines. The oll-radiator duct was left un-
changed., Figure 9 shows this modification. This form, like



the divided duct with the cxtended 1ip, did not rumble at
500 milee per hour cven with botn duct-coxit glaps closcd
and the airplene at an angle of attack of —-2°7.

gq_}ing “lr.— The mess flow through the oil-radiator
duct Tor the orizinel design, end Tor the two that WeTe Suc—
cessful in elirminsting the ru“ble is shown in figures 10
to 14, The curves indicate that eithier of the latwor (the
divided duct with lip extension or the nodificd divided duct)
are satisfrctory for cooling the oil. The izost noticeedle
difte

reilce anong the three is the grecoter gcotter of the

8 witlh chanzes in coolant—duct flean settling for the
original design This difference oy ©c expnisined &s an
effect of the D”‘tltlon between the cool-nt- ard oll-redistor
ducts in the divided duct deghg“. The »crtition, beins
extended to the entrance, night be exneccted to reduce the
¢frect of coolant-duct flap setting on the flow timrough th

01l rcdistor. ‘

Likewise, Ticurcs 1R to 1¢ show the nass flow through
the coolsnt-radistor duct for these thiec designs. In
general, the Tlow for the original design was oji htly (reater
then for the other two. The curves for the divided uJCb with
the upper—-lip extension and for the modiiied divided duct

are nuch s=like, with the excception thet ot the fully closed
pogition of the coolrnt—-duct-cxit Tlap, those for the

moCified Teorm show o definitcly umallﬂr rmegs Tlow.

)
o

Drag.— The drag increment, due To substitution of the
divided duct for the oricinsl duct with 1li: extension, 1s
shown in figurcs 2C =nd 21. In the dive atsitude (aporoxi-
nate angle of attack of —-20), either divided duct produccd
a decr ace in the Gray coefficient witi the coolant—-duct flar
closed, =nd only a slight incresse (rbout 0.00C2) with the
Ilcp flap‘. At the hizh-specd level-flight attitude (anzle
of ottack 0°), the drag coefficicnt was incrcesed an .averea.e
of about 0.0004. For on angle of etinck of KB°, the drag
increment was slightly hlfner.

Figurc 22 shows the density, velocity, «nd iMnach nuske
at the ““81u10n of the airplane and as ccrrected for con-
striction effecets, as functions of dynaric pressure.

Tables I to IV arc & summary of the temperaturc, density,
static pressure, ana zoss low at the cuovreonce o the two

s

divided duct design




Figure 23 shows the principal forms of duct investigated
and gives o summary of the performance, where detcrizined, for
the various conditions of the tests.

CONCLUSIOIS

The problen of eliminating a hecavy vibration or rumble,
which occurrcd at high specds when the radiator-duct-exit
openings were smell, was solved by cither of two designs.

The first included an upver-1lip cxtension of the entrance
to a divided duct, which differed fron the original in that
the partition between the coolant- and oil-radiator duct
diffusecrs was cxtended to the entronce. The coolant-duct
diffuser wes also revised. The effcct of the extencion was
twofold: first, to rmove the entrance farther from the lower
surface of the wing and, second, to increace the depth of
the gutter.

The second successful design was o modification of the
divided duct. It likewise moved the entrance to the coolant
duct away from the lower surface of the wing, but it did not
change the depth of the gutter. The revision reduced the
inlet ares of the coolant duct from 163 souarc inches to
138.7 sauare inches.

The more important factor in the solution was evidently
placing the entrencc of the duct well out of the boundary
laycr of the wing, so thot the velocity distribution at the
entrance would be favorable to renoval of scparation ond
buffeting in the duct. Incrcase in the depth of gutter
and reduction of inlet area uny also have contributed to
the solution of the problen.

ames aAcronautical Laborestory,

Moffett Field, Celif.
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Figure l.- Three=-quarter rear view of the airplane mounted
in the l8-foot wind tunnel,

Figure 2.~ Three-quarter front view of the airplane mounted
in the 16-foot wind tunnel.




RADIATOR DUCT HOUSING

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

RADIATOR DUCT HOUSING REMOVED ), SHOWING LOCATION
OF LOUVERS ; SHIELD OVER LOUVERS ) AND FLOW OF AIR
FROM LOUVERS |, DOWN THE SIDE AND OUT THE SIDE
EXIT.

FIGURE 3.- BY-PASS ARRANGEMENT ON ORIGINAL DuCT



AT0

NAC A
AAL-3882

Figure 4.- sSide view of original duct.
a = =20, flaps closed.

NACA
AAL-3884

Figure 5.- Three-ocuarter front view of original
duct entrance. a = -2°9, flape closed.




Pigure 6.- Three-quarter front view of original
duct with lip extension. a = -2°, flaps
closed, bypass half open

Figare 7.- Three-quarter front view of the divided duct.
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Figure &.- Three-cuarter front view of the divided duct
wlth 1lip extension.

AAL
3943

Flgure 9.- Three-quarter front view of the modified
divided duct.
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